Mttmmp 0 3 MAR 2005 



(43) SRg^MB 
2004 ^4 Ml B (01.04.2004) 




PCT 



do) m^mm^ 
WO 2004/026765 Al 



(51) Bfg**it#g 7 : C01B 33/12, 

H01L 21/316, C09D 183/02, 183/04 



(21) m&mmm^-. 

(22) BBSttGIB: 

(25) mtemmomm: 

(26) HKJ^^(Omi§: 



PCT/JP2O03/01 1445 
2003 $9^8Q (08.09.2003) 
0*I§ 
B*8I 



(30) 

4#Bl20O2-262675 2002 *9fl9 0 (09.09.2002) JP 
t#Bl2003-067456 2003 ^3 13 H (13.03.2003) JP 

(71) m$iX(&m$fo<±X<Dl%&®lZ'Ol\X): =Mt 
5M*S3ctt (MITSUI CHEMICALS, INC.) [JP/JP]; f 
105-71 17 KJjClB jtK KSf<S-T B5#2^ Tokyo (JP). 

(72) S&SH#;fc«fctf 

(75) S6M#/aiiiA(*lllCOl,\Ta)^): S5*f-*(KO- 
MURA,Kazuo) [JP/JP]; T299-0265 ^SI»«^;"Sm 
5*5 8 0-3 2 =#lb^3t£*trt Chiba (JP).*5l!l& 
H (OIKE^hunsuke) [JP/JP]; T299-0265 « <r;f 



HiS5i5 8 0-3 2 = *Hb3M*5C£ttrt Chiba (JP).g 
GB its] (KUBOTA.Takeshi) [JP/JP]; T299-0265 ^FUft 
tt*Sfffifijf 5 8 0-3 2 = #<b5M*3t£*tl*Chiba 
(JP). *t-t 3iH (MURAKAMIJVlasami) [JP/JP]; T299- 

(^es^-simtt^jim sa58o-32 =#<b5M* 

Chiba (JP). jglj 1A (KURANO.Yoshito) 
[JP/JP]; T 299-0265 =f * Jit rfi S5* 5 8 O- 3 2 

= #Mb5M*5C£ttF*S Chiba (JP). 

(81) Jt^ll (@rt): CN, KR, SG, US. 

(84) IHfem 3 — Q (AT, BE, BG,CH,CY, 

CZ, DE, DK, EE, ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, 
NL, PT, RO, SB, SI, SK, TR). 

«IIJ4.17IC^-Ti,*a:-C: 

— us<D*-<z>tztb<DmBii%X'jt>z>WG>$a.T <mm 

4.17(iv)) 

- m®mmm&m 

2X^a-KXtfft&<DB&gSI=c>lvcf*. feM&frZHZ 
(D^yi/x; — kj 



(54) TiUe: METHOD FOR MODIFYING POROUS FILM, MODIFIED POROUS FILM AND USE OF SAME 

^® (57) Abstract: A method for modifying a porous film mainly having Si-O bonds wherein a thermal treatment is conducted without 
using a metal catalyst by bringing an organic silicon compound into contact with the porous film. The organic silicon compound 
includes one or more Si-X-Si bond unit (wherein X represents O, NR, C„H 2 n, or C^Hj; R represents QnH^i or QHj; m is an integer 
^ between 1 and 6; and n is 1 or 2) and two or more Si-A bond units (wherein A represents H, OH, OQH^i or a halogen atom and 
<^s can be the same or different within a single molecule; and e is an integer between 1 and 6). Since the porous film obtained by this 
fs| method is excellent in the hydrophobic property and the mechanical strength, it can be used as an optically functional material or an 

O electronically functional material. The porous film is especially useful as a semiconductor material, and can be preferably used as 
an interlayer insulating film in a semiconductor device. 
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ftmz.M$m. w,7kmer?z>zt\z£.Q, mttm&mwrzo z\<om^ 
tm, w>7kffi&znT^&7Jvn^y7>\zmim^%zhj)W&v\<\ z\z\x»u 

z\<D£.5\zmftm&mm'rz>z.t\z&io. i/un-^j^^trai 
m,mt£ttm. tsziz, mmz^n-'m^m.m^^-r^t, s. j t)i<D*>bmzm 

•ihXDn^Uv-, 3}?U-3, 3, 3- hU^;^n^Dtf;M^->o^+h>i: 
><£> 3 # U "7-, # U ^"n If U 5" H t U D =^ ><£> 3 # 'J 

20 <£>n^y^-, tH'JH^U^^fjl/v'D^tX ^'J^hHUHm 

y-ym&mf znzo 

25 ->U3- >^;v©*in*toj\ t;u3=^^^>oi o ommMttsvT* ft 
3 - y^ )v<Dm®m*±M$m \z-?z>z\tiz&v). mumzmmm^nrc^ 
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5 (3) m&mtt*5<f v*m&m&i*^%z\£x&3imk\st£7j)vj± 
io &mmizLT7k®&jm' s^fc^oT^sns-tf^-^-r h©«s^ft5i 

15 (C) 7;^^v->7 D-f ^Jk>U *^t^^U Mi: b, W^T^> 

&mm\zLX7m&i&~r2>mz, mwittm xvmmmiztt?^ b^m^m^ 
tfct, mm. mj&vxmm-rzo 

(d) zy^t!^)v^mmzmMhtz.%o^ mmTs.>&^zs7kmm.tpxtt 

20 ±m<Dmmizm^2>z\t(Dx&%>^m75i>tvx}ts Tm^h^^u^v 
-ryyptr;i-T^x t-my-x 2-*^;wtfy> ? >, n, n' -i?^^ 

25 )l^>z?)VT=i>, N, N - ^X^;i/X^ / ^ >, (n-^;i/) 75X 
;|/T5>, 3'JX N, N-^^;i/tf^^^>, 1, 4-^T-tffcTv'i7 0 (2, 
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(2, 2, 2) ^-^^>v ? hFn^^>h\ X5=-l/>^T^X 2— T^^/U 

5 m^nrc^nmyyfjvA^ xmmm (cuk«) ^^ott&n^mtfrtf-^ 

-X-Siig^t (XteO, NR, C n H 2n Xfc£C 6 H 4 £^U RteC m H 2m+1 
10 XteC 6 H 6 £^U m«l~6©S^ n}ilX«2^5.) £ 1 

Si-A|^*ft (AteH, OH, OC e H 2e+1 X«Any>fC^£?SU # 
TOOAtepgCTfcM&oTfcJ;^ etel~6<D»a?&£o) S2^±WTS 

15 _hfB S i - X - S i «§^#fi[& 1 ^>£Lb, S i -A^ffeS 2 

i o o~6 o ox:<DMmmw<D^*?tifr<z>MM 

-r*5^?S©t>©T?*S^55*«*D, ^ittTH 9 0 0OT, 7 OEUKDfc 
20 0^$b<, 6 0 12 0K±O"bO«»J:t)ff*b<, 3 0 OOT, 17 

25 ±i&&mtr<im<£'£fo£.vT* k^mfomzu, en 
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L (SiR 3 R 4 0) L (SiR 5 R 6 0) m {SiR 7 R 8 0) n — I 

(5£*, R 3 , R\ R 5 , R 6 , R\ R 8 te, KWZW\— T?t>S^oTViT ! fo<fc< , 
■^rtX^tlH^ OH, C 6 H 5 , C a H 2a+1 , C F 3 (C F 2 ) b (CH 2 ) c , C d H 2( i-i, 
OC e H 2e+1 , X.\t/\UV*>mtt7xVs a 1 ~ 3 £>g|fc, bte0~l 0(£>^ifc, 
5 cte0~4<Z)g$C, dte: 2 ~ 4 <D^$C, e & 1 — 6 <D^$CT& 0 > LteO~8(E>^ 
jfc, mte0~8£>^fic, nte0~8£>Mf&:, ^3^L+m+n^8T^D, 
ICS i-A^#& (AteH, OH, OC e H 2e + 1 , XSAny>J|f |WI 
— SB^OAteEDTfcSfcoTVvrfecfcVO #*4>&< tfe2^±^n§.) 

10 <£D$?£b<«, — 

Us i R 1 R 2 07"£~" 

(5S4 1 , R 1 , R 2 te, m^zm— tfeSJ5:oTViTt)«k<, -en^tlH, OH, C 
6 H 5 , C a H 2a + 1 , C F 3 (C F 2 ) b (CH 2 ) c , C d H 2d _i, OC e H 2e + 1 > XfciA 
15 Py>JH^£^U a«l~30it, btt0~10©lt, c«0~4<DS$C, 
d«2~4<D^m, e«l~6©&£irC&D, P «3 ~ 8 ©SifcTcfc 0, iWcS 
i -A^#& (A«H, OH, OC e H 2e + 1 , XteAP^HH^jfcU # 
^ft0A«|TgCT^&oTVvTfc£VO 7&t^<tt>2^Ji^n^o) 

20 JWfcftfcte, (3, 3, 3- hij7Mo^ntf;i/) ;*^;W>;7p hUv'n^+h 
>, hU7x-;PhU^^;Vv-57D hU5>a^1t>, 1, 3, 5, 
;i/i/^n^h^i/n^>, ^^pWUi/^p^h^p^+f^, l, 3, 5, 
7-fh7^f^-l, 3, 5, 7 -fh77x-Jl/^Drh7^nWX 

25 ^i/P=Hf>^#tf£tl3o Cin^O^T^, 3, 5, 

)V~s 2 P 5=- h 7 P ^rit b V>. 
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YS i R 10 R n ZS i R 12 R 13 Y 
R 1( \ R 11 , R 12 , R 13 fcL SV^I^— Tt>^&oTVVT<k<fc<, ^ttl 
^tlH, C 6 H 5 , C a H 2a+1 , CF 3 (CF 2 ) b (CH 2 ) c , OC e H 2e + 1 , XfctAP 
5 ^JBC^&^U atel~3<D^$C> b«0~10©It, c«0~4©M^ e 
tel~6£>SISa:&i^ O, (CH 2 ) d , C 6 H 4 . (OSiR a R b ) n O, OS 

i R c R d QS i R e R f O, ^teNR 8 ^ R\ R b , R\ R d , R e , R f 

m^zm-T*%mtsi'DT^T*>£<, ^*nH, oh, c 6 h 5 , c a H 2a+1 , 

CF 3 (CF 2 ) b (CH 2 ) c , ;\U^>B^ £fc&OS i R h R*R J ^b, atel 
10 ~3£>S£t bSO-lOOll:, cte0~4<£>^Of&D, dlil~20l|[, 
ntel~l 0<D»CTM> Qte(CH 2 ) m XteC 6 H 4 £?f;U mlil-6(DltT 
R\ R 1 , R J «, KWzm—X%mt£'DT^Xh£.<. ^ft^tlH2;fcte 
CH 3 t^0, R 8 «, (CH 2 ) p XttC 6 H 4 ^U p \t 1 ~ 6 <£>SI&T& D , 2^ 
(DYlt IH-Tfcll&oTVvr&ck^ H, OH, C 6 H 5 , C a H 2a+1 , CF 3 (C 
15 F 2 ) b (CH 2 ) c , OC e H 2e + 1 , X^AOy>gf5*l/, afc£l~3<D^tt b 
«0-10©Ilc> c&0~4<£>^:, etel~6©Sf&T&D, ^^tlfeR 
a X«R\ R c XteR d , R e XteR f , 2 0OT£>-5%4>&< £h^1?tlfr2'3)£±. 

teH, OH> oc e H 2e+1 , xttAny^M^-eab^o) 

20 JWfcftjfcte, l, 2-tfx (^h^*^^D*ltx;i/) x^>, l, 3- 
\Z7s (hU*^;W>n^» -1, 1, 1, 3, 3- 

T-h^-fV^Dtf^vD^-y-X 1, 1, 3, 3— xh^pWUv^U^X 
1, 1, 3, S-^h^X^H^O^X 1, 1, 3, 3-fh77x-J^ 
^D^r+I-X 1, 1, 4, 4-fh7^f^^X5 1 l/X 1, 1, 3, 3, 5, 

25 5-^*lM^;VH>>n%tl->\ 1, 1, 3, 3, 5, 5-^itX^;i/bU>' 

u*r^>. i, i, 3, 3, 5, s-^iMv^ntf^hu^a^+J-x 1, 1, 

3, 3, 5, 5, 7, 7 -^r^^^^Vv-h^i^U^y. 1, 1, 1, 3, 5, 
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1. 1, 1, 3, 3, 5, 7, 7-^-^^^.^ 
;i/fh7">D^X 1, 3-^pWl/^h^ h^'>^>O^U->, 1, 1, 3, 
3-^h^3 L ;i'- 1, S-^Ih+v'yyOWX 1, 1, 3, 3, 5, 5- 

se>£, mm<Dmm^r^mi\:^mtvx\t, (in) 



I (SJR 15 R l6 NR 17 ) L (SiR 18 R 19 NR 20 ) m (SiR 21 R 22 NR 23 ) n ' 

r 15 > r 16 > r 1{ \ r 19 , r 21 > r 22 &, m^zm—^hmf^^x^T 

^-n^tlH, OH, C 6 H 5 , C a H 2a + 1 , CF 3 (CF 2 ) b (CH 2 ) c , OC 

io e H 2e+1 > ^fc^\n^>if^u r 17 , r 20 , r 23 ^, m^zm—x-hmu 

oWTfcck<, ^tl-6nC 6 H 6> £fcteC a H 2a+1 £;*cU a«l~20i|[, 
bliO-lOOlt, cfct0~4<£>gf&v e«l-6©Itt^0, L&0~8© 
m« 0 ~ 8 nteO~8<7)Mit ^3^L+m+n^8t^D, 5£ 

ffCSi-A^ffi (AteH, OH, OC e H 2e + 1 , X^D^^f^U, 

T^$n^^< lS^^>^if>fe^^ffl-r^31<i:^T€^o 

*#Wfcfck 1, 2, 3, 4, 5, 6-^^^;US>^D hUv^lfX 1, 
3, 5, 7-T-h^X^-2, 4, 6, S-^h^^^l/^^D^h^^^if^, 
1, 2, 3-h'JI?;V-2, 4, 6-hUX^;W>^nhU>'^if>'^©^^> 

20 ^if xt&mmtf £> *l£ o 

-mft cm) T^$n§m^^^if>©4>^e,M^n§ nwfe2iR±^ 

^-ti-TfeJ;Vi. Z\tlZ<D*Xfe, (I) Tg$tl5i«yD^>!0Wt 

25 
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rxmrnxz % . mmmm^mrnxmrn-r zm&zmmmm&m ^xmm vx%& 
-;k ^ vfu\f.)vr )vm<DT)vn— jvm> >>x^;i/x-^;k ^x^i/> 

if>jn-;i/^^^;vx— t^;K l, 4-^^>, fh7tHn77>^©x- 

omrnxmrn-r^ z. t^mx$>^ . 

^mmm^mrnxmrn-r^m^t. ±tew$s^-f m^m^^xmrnvx^ 

tr^m<t&m&%xx%>%i-?z>m&, mm^mit^m<Dmmuo. ivo i%u 

\tmm.^f3i^^mm^xh, ^)v^r^^mm^x%, 

j )v&£±mmm^m<k&mt<DMmmumfei o o~6 o oxxd 
mmx$>z>z\tf)m&i'<. &QV?&v<tes o o~4 5 o'c^ibbt&So m 
■zmz. mmum^—\zx^^^x$>nu, ^^h^u—h^xh. mm.^ 
x%&<, mzmmitte^o m$mum&z.<Dmmftx&n& ^mtim^rc^z 
20 mmtfm&m^^z. WLm^m-r€x0^v<t^K^mz 

x&xizmmvxb&^v, &%w$mmmtMLmfimmum.&Q{&^<z>x&ni£> 
^(Dmm\zmht^mm l *^~mzWAvx%mzmmm£\,\ ^nn? «c 
mm* 3\gM^x±i&mmm*ft5z£husmx&2>o ^nmy4)VAt±mm 
25 m^m4k&w<Dmmm\zm-?%mm\z, mmum^^^K mn, ^~4o 
mm. $f*u<«i o^~2 4P#p^*ra5^>o 
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$F^U<«0. 0 5- 2 5 kP aO^JEIClBSt5iiOl^«b^. £© 

v^t, mm^mit&W£<Dm&mzmnVT&<(Di)W3i^\ n©*£\ fm 
unyjfr^miz&^xRfav, mMtm^vrchfD^^tazmomm^ 
z\<D&o tsj&m\z &%>&i\m.7 4 )v&<Dmi<DBLmwm\zwzfrx\z-&\,^ 
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sn*. z^^ymm.^zmm^n^m^mmft.m^^m^rr^tmm^ 

tem^tmz-zn&tf. mmtf&mx&2>M&\zte. yjji&wz&mfimm-rz 
15 ztiztzv. yj)\s2*<D)tMmm%±&z&%t£®ifr&v<tii^o tot, 

=7*fy (HMDS) £J1V^ '&%<DWM\3kX\^ 7^MSffi©>'7y-;H 

20 t^&v*, *:<Dtz.tb, mtm7Mk<Dfcmzm^znx&f£z/VMkm£isT<Dis7 
>{k&m&mmi\£VThm^2>z.£ummv&%>o tot, B^aasasfcbT© 

*»W©*K^afcffiV^*«^r-f*fl5^ft«, S i-X-S itt^tt (X 
25 «0> NR. C n H 2n XteC 6 H 4 £5*:U R«C ra H 2m+1 X«C 6 H s ?r^b, mtt 
l~6©S«fc n«Utt2^§.)^im^S i -AJ&&#ffi(AttH» 
OH, OC e H 2e + 1 X«An$*>ir?£3*U I!?— ^^©AtelllCTfcM&oT 
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5 JLIBS i-X-S i«S^tt«i»7Kttt«l«3«*F«iI± 

^-er^fcfe i~6 fl*nt*aa*s5SHT?**^ »$t<^2 ~ 4 mtmmv 

±ibs i -Am&&m%2mu±&mm\zmmzmm*m\ 
s i -A«g^¥tt©^j^T», mzs i -H^TOw^t^. wm^-fin 

10 fc-&m*7k £ (DKffcT? S i - OH«$n, Hft5&tfl&0 O HS t JKTKafr&RjifcS 
SJl-To S i -H©i^l:fi ^®fc#ffi-T^S i -OH£a»JBbK*Rjifcr*E 

S i -Ate^mtt*WTS^«^*^'»tUT«»^ffi<»lr^-rv^ 

si«i'&tt«^*r«fc®*>ns. a*$7;w3^^3E (or) *v?l 

s i -oR^7Ki^-r^>©^PJ[$-r^><i:#^.e.n^>o ^±oeit^e>> s i - a 
&&3£&<Dt3Lfr~ctes i-Hm&wiLifis *Hm<D&mzttvm%$bm*&z>£m 

^mm<Dm7K^tmmmmzmn^m^nrc^iimy ^ j^A^n^rctbizm 

25 ViSnS^LH^W^Att. IM©«lTSoTfe, ittM^nfc^its 
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tiZoimwimte z t »*BteKtt*qF+^T» s z t * w-r . imwamMtz* 

tt Hys i tro n^T riboscope Syst emSrffl^TltJ&Lfco 

io *mmo&n-£nrz.&im7<{ fr&feMTk&twmkmomttzmtizrcib, 
mmmmm. &mmm* mmmn&y << m&mmn. wmm* lcd 
jB#9-^fc£03te*fi#*k n?mmtm£isTmKz>zLtifiv%Zo mz, 
^Mfcmumt isTvmmmmmizfe, wm. mum. e»nx43 d > 

*»WT»6nsa*ttt«WBMte«n*^« ? ^ ;i/A^$f* l < sua sns, 

Womz-D^TMtfcmzMWIr&o 

^®^X-/^>^$nfeS^©^@iC^^^> (TIN) J $>&fc?>?)l (T 
aN) fet>5^5/tiJ7l&^5. ^^;i/CVD& X/^^'J> 

25 ^§^ttii^7^H<tD«Mt, S&fcCMP (Chemical 
Mechanical Polishing) fc,fcB^©fflJR&|ifcSbTlHl8&e 



WO 2004/026765 




'CT/JP2003/011445 



T5. $£>K:j&gT&nfc& a-Htx^ 

fh7lh^>7> (TEOS) : ($0 KM^#W^mMEL^l/-h% 
S i (OC 2 H 5 ) 4 

io mm : m^mmjim m) mmwrn^mm 

(T;M^I/>^1M F) ^n»^^UY-:HO(CH 2 CH 2 O) 20 (C 
H 2 CH(CH 3 )O) 70 (CH 2 CH 2 O) 20 H (BASF*h§£P luronic PI 
2 3) S70giOi!5, I^/-JW 0 0 gtii$t, B*^7jc (W) U^^r 

y^mmm cskibh) zm^T-c^yzm^ x.?y-)\,&mmz£.vm£~T 
15 &ztT*ffi,&m%mvfeb<D 0 ho(ch 2 ch 2 o) 106 (ch 2 ch(ch 3 )o) 70 

(CH 2 CH 2 O) 106 H (BASFftiSP luronic F12 7), HO(CH 2 
CH 2 0) 39 (C 2 H 4 CH(CH 3 )0) 47 (CH 2 CH 2 0) 39 H(=#^;Bay^*;K%) 

tK : M i 1 1 i p o r e&mm*Mmmm\Z.X®li&mmmVt£7k 
20 N, N-z?^)V7th7=i H : MM4k¥ <«0 MM^X-Mm 

1, 3, 5, 7-fb7^fJI/^Df h7>>o^>: T^^^X «) 

M 

h'JT*7^tD-l, 1, 2, 2-5^h^tFn:t^;i'-l-hUXh3r 
^>7>:It«Ii OHO CF 3 (CF 2 ) 5 CH 2 CH 2 S i (OC 2 H 5 ) 3 
25 2- (pth^rv- (^ijx?I/>t+y) ^Ptf;P) hU^^;^>^>:T^ 

y;7X (80 $3> CH 3 0(CH 2 CH 2 0) 6 _ 9 (CH 2 ) 3 S i (OCH 3 ) 3 

jHUlh^>i/7> : (#0 m> CH 3 S i (OC 2 H 5 ) 3 
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1, 1, 3, 3, 5, 5-^lM^;PM>>D*+J->: 7y^y?7.(M)M, 
(CH 3 ) 2 HS i OS i (CH 3 ) 2 OS i (CH 3 ) 2 H 

mmm 1 ] 

5 ^h^Xh^>5^>l 0. 0 g iX^ / -Jl/ 1 0 mL i^MTTi^E 

lNlii. 0mL^Sin^b,$e.(c:x^y-;i/4 0mL^JnUTit#bfeo 

^(Dmmzyk 8 mL m^xmrnxm-um^m^nr^ 

(OK) 

8inchy'j3 >^XA-SMJhK:gbTi 1 ?&TU 2 0 
10 0 0 r pmTl O^HIfc^-frT, ^U3>«)IA-gIfcI^bm 10 0"C 

xinmnmv, $e»}:4oo , cT3^r B iMtT> ^TLK^-r^A^mufeo 

±tzT-nznt£&iim7j)v&&fi$kmfcjfcmzn®, giso omL/mi 
nii^T, 40 ox:xs oftmtkwvrc.. ^(D&. mm^mmy^f mit&mtvx 

15 1, 3, 5, 7-^h^5Sn/^n^h^>D^>£Anfc2 5t©Wrt 
fcSb, M^W^I^mt.hfetCl, 3, 5, 7-Th7^;^Drh7^a 
^>^iAlfc. immWi. 1, 3, 5, 7-fh7^f;V^Dfh7^D^r 
D-><Dm>A&±&T, g*5 0 0mL/minI^T> SJSf ^3 OtST^t 

20 *ofc, W?L#I1 3^#£gl&#X®»i|iJ^S hV-^-3BI 
<#>**n--Att«) fcftfflU ^^m^T (7 7K) fc*5fr*£*!ft*8l 

25 IltlfftCJ; 0 7;P5-^A«i*fPri6UT^JR-lfi««-^U n >-<&Mffi 
iitU 2 5*C, *B^Sflg5 0%<D#B^T> WlOOkHz, -4 0 V~4 
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&ftft7 4 fr&VW&mt. Hysitro nftiTT riboscope S 

5 mm^m 

rh7Xh^»7>io. o gix^y- ;n omLtSMTI^ l 

>^3#>J7- (BASFtiPluronic P123) 2. 8g*X^7 — 
10 m^bTSHJTi^-^^M^#fCo 

mmmomm. mmm7. o nm<Dmmfttz2D-^tt3^)mm*m$VT^ 

15 ^©JfcMtt^£#'l«£:g 1 fc^To 
C^«J3D 

lNiii. omLttmmtmisT (a) hu^*^ 

;i/^-n-l, 1, 2, 2 - r h 7 k Hat^?;V- 1 - h U x h^'»7 > 0 . 1 
20 3gt, 2- (*h3r>- (^'JI^I/^J/) ^OtfJV) hU^^;Vv"7>0. 
1 4gt, X^;-JH 0mLt^I#bm 1NM0. 0 0 3 5mL£ 

mmmwvx (b) &tct£*>\z, #u (T)i*u>*tt<< f> 

^D»^n#ijT- «*) £D 2. 9 g£X^/-;i/3 0m 1 

fc*#bT (o fgt&mm&wt. z<d (o riE^Mftttfc, (b) fmm#&mflm, 

25 #bfc 0 d<£> (C) l&ftmmt (B) J&fr^££(D*i^£> (A) 
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fro fee n^nrc0r^y^)iA\z-D^xm^nr^nmmmWi<Ditmnmtm- 

5 1 fc^To 

10 -bbfc^-h^W-ytCAtl, 8 0^3 BUB, Mbfc. 

>:t3r+K H) ^Dy^n^'jT- (BASFthiP luronic P12 3) 

15 mmtsi^tsifc. 

20 nfeafe««iai&a©itff«^i3iitt**^ 1 jc^-To 

fc^ 1N1H1. OmL^min^bT (A) ri&HStt&fcfc. hU^# 
^l^D-l, 1, 2, 2 - f h 7 1: HDt^?;H 1 - h 'J X h^y ^>7 > 0 . 
25 I3gt, 2- Wh^> (5j?ijxfi/>t^y) ^nfc?;W h'J^?;i/y7>0. 

14gi^b'Jxh^yy7>0. 0 6 1 g> X^y-;H0mLt^I 
&Vfc&. lNliO. 0 0 3 5mL^»mt (B) £fc 
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$e.^, #u (x;v^t/>rt*-tM F) ^o>^n#ij?- (basfwiu 

ronic P123) 2. 8 g^X^y-jV3 OmLMUT (C) 

£#fc 0 (o (b) j&ft®m%m\im.wi<tcio &^x. £© co 

i&ftmmt (b> ^^^©^i&sn (a) ^^^mipb^bfeo z.<Dm 

io &m i 

INSil. OmL^iM^UT (A) J&fr^S££#£:, hU^J? 
fr-tn-i, l, 2, 2-rb7kFnt^V- 1 - hUxh^v-^X). 6 
15 Ogi, 2- (*b3^> (*'JxfW>t^>') "/Plf;!/) hu^^;u->^>o. 
63gWJPh'JXh^»7>0. 14g, X^y~;i/1 OmLt^'&ii^ 

1NM0. 0 4 6mL»jt#bT (B) 
iC> #U (7;^l/>tW H) ^D»^3#ij7- (BASFttiPluro 
nic PI 2 3) 2. 8 g^;-J|/3 0mLl«lT (C) 

20 si© (o (b) f&ftmwt&mtom&vrco -a^x\ z\<d co j$ 

(b) d^iHeMft^cDs^fft^ (a) j&fr^ic^jrab^L'fco siojsat 

£7fc8mL£§SiJP, «#bTiSWT?^— fclfc^S^fc. 

£^ i \z^-?o 
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lNmmi. omL&mix\M&vx (a) ®.ftmm&%rco &rc, bu^*^ 

)VOrU-l, 1, 2, 2-fh7tFntm-l-h'Jxh^>>'7>0. 1 
14gt, I^;-JHOmLi^j#im 1NMO. 00 14mL§ 

»M^bT (b) j&frmm*m£o ^tctsziz. #u (x;v*i/>;r*iM h) 

^D7^n5j?iJ?- (BASFtiPluronic P 1 2 3) 2. 8g^ 

;-^3 0mL(:»t (O :o (O i&ftmmz, (B) fi£ 

io frmm&m-tiQtmvtio co (b) j&ftmmtom&m 

£^ 1 t^to 

20 ^ 1NI11. 0mL£^MI#bT (A) J&ftmWi*mrco £fc, MJ^TJ? 
;l/^-D-l, 1, 2, 2-fh7tHDt^-l-h'JXh^»7>0. 2 
0g<h, 2- (^b^r-> (^Uxfl/^y) ^nWW h U y^l/v^ > 0 . 
2 1gi, X^;-;H0mLi$I^mm 1NM0. 0 2 lmL&m 

in^tbT (b) i&ftmmttm^ ^tc^^\z. (x;i/*i/>:t*iM H) ? 

25 (BASFtiPluronic P 1 2 3) 2. 8g$X^7 

-;W3 OmL^jUbT (C) E£#i&$t£#fco (C) ^iSftfc, (B) J&ft 
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(a) ^mmzmuhmwiytco n ommz*. 8 m l &mn. mwi^xmrnx^ 
mmm 1 tmm^zvx^iiMy^^^mmvr^n^nrc^jiny^)^^ 

£^ 1 \Z^To 

^h^Xh^->^>l 0. Ogt, I^;-iHOmLt£SM^lfc 

io inmi. omL^pi^bT (a) f&ftmm&mco hU^*^ 

;M"Cl-l. 1, 2, 2-fh7kHDt^Jl'-l-h , JXh^»7>0. 0 

7gi, 2- (^b=^ ()j?ijxfi/>t+'» yatf;w HJpWi/~>^>o. 

07gt, I^/-JHOmLi:»^im lNitO. 0 0 7ml$i 

uom^bT (b) j&ft®WL*mc 0 $itztst>\z, #u (r;i/^>:*=H3-r f) y 

15 D-^^'JT- (BASFtlPluronic PI 2 3) 2. 8g^y 
-;i/3 OmLfcHfUT (C) (C) (B) 

mm*mmm.&vfc 0 z\<d co ^«f*^ (b> ^tio^t^, 

(A) J^#ifcK:*2raUJI#b&. 8 mL£»»K «#UTj89rr^ 

20 ^$6m tmm\zvx0nmy-oiA^mmhrc o n^tirc0iiMy^)v^t. 
25 c^»yio) 

^h^Xh^r->->5>8. lg, ;*3^H>UXh3r^>^>l. 5g<h, 
/-;V8mLt§tM^, lNiflfflfcl. OmL^in^bT (A) J&frm 
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m&mco Sfc, #U (X^l^^iM F) ^D»^3#U"7- (BASFt 
SPluronic P 1 2 3) 2. 8 g^/-;i/3 2mL(:i»U (B) 

^^^#feo (b) ^»«t*. (a) &frmm\zm-mvmwvi±. zwmm 

£^ l tei^To 

io c^us^d 1 1 } 

/-^8mLt^IfiT}g^ lNlf 1. OmLSW^lt (A) J&ftm 
#U (T^I^^IM F) ^Dy^a5j?ij7- (BASFt 
SPluronic PI 23) 2. 8g^y-;V3 2mLI:»> (B) 

is z.(d (b) (a) ^^ic^ipum^bfe. z.<omm 

&g 1 fc^-r. 

C^»J1 2D 

fh7Xh^»7>8. lg, 5?^S?Xh*^>5>l. 4gi, 
S—)V8mL £&&mrCt%&Vtt&* 1NIH1. 0 mh %W$QWftlsT (A) 
25 ftfflK&&1t. (T^I^^IM K) ^By^3#U7- (BAS 

FfttSP luronic P 1 2 3) 2. 8 g£x^/-;W3 2mLte»#l/T(B) 

(B) (A) ^^^SDbfll^bfe. £tf>}# 
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xmmmmm<D^s 2D-^^y-jvmm^umvx^rzo &rc. ^m.y^ 
)iM,0^fmm\-i5 . onmT^ofeo ^xmmm i tmmzvT&nzn^ 

£^ l iz^To 

tmmmi 3) 

fh7lh^»7>5. 0g> ^Wlh^>7>3. 6g£, 
/-;l/8mL<£:£^iSTil£-Lfc^ INttfflfel. OmL^iftDi^tT (A) 

10 ftmm&ntc* #u (t^i^^im f> r/ny^n^u^- (bas 

F1±^P luronic P12 3)2.8 g£x^/— ;i/3 2mL id^bT(B) 
/&fr^£#fco £<D (B) J$&#JK&, (A) J&fr^fcgsinbjt^bfco 

«tfL@te4. 9nm^ofc. ^-m&SM 1 tmMlZhT&M&ft-Drci. 
C^»J1 4] 

20 #A^X^2 5t)©7jc©^^{«t-^<h^^^T7XfeN#$^fe^W^ !H 

4 o on<D&n$mu&&2 5 ot^b/cews, ^»ii2 tmmzvx^cm 
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mmmi 7] 

5 &nwmffl&i, 3, 5, 7-^b^^^;w>^n'xh^'>a^>^e> i, 
l, 3, 3, 5, 5-^it^^;vhUv'D^it>^Hu^m^ mmm2t 

C^MFll 1 83 

10 K^f 1^}; 5 0 0 mL /m i 11 ©iiTf i i 1 1> H 1 , 3, 5, 7-fh7 

^^;Uv"^n^b^^D^+l->^A-r^^®^e>, 1, 3, 5, 7-^h^* 
f;^>^ dt h 7^n^>$,^^(c 2 . 5vo 1 %$JAb/t;\*-/5 1 ^:^Hbfe 

15 CHSS^J19] 

fc^L 1NM1. 0mL^3J;^7Kl 0. 0mL£»ljl#U 2 £> KX;? / 
6 0mLI«l^'J (7;!/^l/>:*%tM F) yoyi73^UT- (BASF 
ftM? luronic F127) 6. 5 g»^$tT, >SBJ, ft^fJlfc 
20 £#fco 

^»J1 i^^bT^TLM^^^A^TOb, am^frofco 

&mm<D&?iM7 j )VMt, xmrnffimmzk®, wtmms 3 nmota-if 

-/i7^^^FbTV^^i:^t)^ofeo il(07^;i/AOJtMffi^k^ k=5. 
6T^t SiS^HSPtl^Wi^SfiMt (HREM) (B*m^ <«0 Si, 

25 IiCJEM-3 0 1 0) SJflUT, iflHM*7-U X^it5 1 1 C 
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^tc 0 ^cmm(Dmimy-c)iA(Ditmmm\-±. k=2. nr&ofc. $nt. 
m-zsnfr&jinyj iiA&KQ^'r >A—\zxn, io%^>m (x^;i/^^ 

1*1 \z T a N ©IfctfcfcK* *> ttizfr o 
U!«!i2 0] 

INiftKl. 0mL&£O?7kl0. 0mL&Sfcbn«#Lfc. 8fc#&» #U (T 
10 Ml/>tWH) ^Dy^37l?UT- (BASFltiPluroni c PI 
2 3) 2. 8gt, tfVi?*7JU$'U*r'Vr>£tfVx. l ?'U>tt$'\*£tfV? m u\Z 
l/>t^>H(O^Oy^n^'J'?- (T^y^X (#0 IDBP-7 3 2, 

15 T> 5SBJ> &Sfc«J?ft&»fc. 

&nm<D&HMy>n\'M*, xmmmmi£tz&*)> mmm7. onm©2D- 

5Torr, ^fi!4 0 0t^?Ll7^;VA±tT aN^ILfc. TaNfife 

25 m&:<Dgr?imy<<)\'&<DmffiTEMmm<Dife%:, mnmzr aNv&m-mibzn 
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1, 3, 5, 7 -J*y?^)\,*sZuj-y^^U^>^^*r*?-)\,¥i/7 
CJ*tfe092] 

1, 3, 5, 7 -f h7^?Jl->^af h7^>D^>$ ^ U ^^V^'JJ^ 



[in] 





3 


mm 




mm 




WW (GPa) 


itmmm 


WW (GPa) 


1 


4.2 


10.1 


3.8 


13.2 


2 


4.5 


5.1 


2.2 


8.4 


3 




3.0 


3.1 


4.9 


4 


3.2 


8.0 


3.1 


10.1 


5 


3.0 


2.2 


2.6 


5.5 


6 


2.2 


1.9 


2.0 


3.5 


7 


2.4 


1.6 


2.0 


4.9 


8 


2.4 


0.8 


2.6 


2.5 


9 


3.1 


4.4 


2.6 


7.6 


10 


3.4 


1.3 


2.6 


5.1 


11 


2.0 


1.1 


2.2 


2.9 


12 


2.2 


1.2 


2.5 


4.2 


13 


2.0 


0.8 


2.3 


2.2 











MM (GPa) 


ttmnm 


MM (GPa) 


14 


4.5 


5.1 


3.4 j 


9.1 


15 


4.5 


5.1 


3.8 


6.3 


16 


4.5 


5.1 


3.2 j 


7.3 


17 


4.5 


5.1 


3.4 


11.5 


' 18 


4.5 


5.1 


3.6 


13.3 
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itmmm 


#14*(GPa) 




WtM(GPa) 


1 


4.5 


5.1 


2.4 


6 


2 


4.5 


5.1 


2.7 


4.9 
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ft 3£ © 16 H 

1. ±ibTS i -0^^e,^:^#7L»^^;i/AfC, Si-X-Siig^ 

(X&O, NR, C n H 2n XteC 6 H 4 £^U RteC m H 2m+1 XteC 6 H 5 £^ 
U mtel~6©^gt ntilXS21!^S,) Srl^fiU:, ^Si-A^ 
(AttH, OH, OC e H 2e + 1 X«AD>r>j^£^U 5H^I*1© 
ASHCT?fcSfi:oWfe«k<, e U 1 ~ 6 ©SEtfifcTfeS.) &2~D%k±M 

-Tzmmtr-f mtt&Qi&mkisit* &mMm*m v>s £ £ & < mum?* z. t 

2. mmm&i o o~6 o ox:i*ft6z.£&ft&£irzm&<Dmwnim\zum, 

m&omwrn i jjtxra^ 2 mzMmoi&ivm 7 4 ;va©b5:»^o 

4 . Ms«&©«tr§s#?Lff )i^<D^mnm^ 0 . 5-10 nmoiat^sc: 
t ^Mtt§i*oigffli 3 m\zmwt<D&iiM7'f)i&<D&nmko 
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